In the description of the condition of benign aplastic anemia in pigs, attention is directed, among other things, to changes in the bone-marrow which seem of fundamental importance in understanding normal erythrogenesis.
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ABSTRACT.-In the description of the condition of benign aplastic anemia in pigs, attention is directed, among other things, to changes in the bone-marrow which seem of fundamental importance in understanding normal erythrogenesis.
It is possible that an indirect van den Bergh reaction can be converted into an immediate direct by controlling the H-ion concentration suitably, either with buffer solutions or with less dissociable acids, such as acetic, used in preparing the van den Bergh reagent. The question of the interpretation of direct and indirect reactions, therefore, would seem to be reopened.
Following Minot and Murphy's work, a pig with aplastic anemia was fed with liver. The lesions in the liver, considered with the marked improvement in the blood which followed on liver feeding in this case, lead one to regard the condition as one of blood and marrow inefficiency due primarily to hepatic insufficiency.
A comparison of pernicious aniemia with the benign aplastic anemia of pigs seems to indicate that in pernicious anmemia there is more than a mere functional disturbance of the marrow. The marrow appears to be fundamentally and organically affected, and this appears to be the pathological basis of the disease-a point which has already been discussed more fully elsewhere [14] . A parallel may be drawn between the varieties of aplastic aneemia, such as already exists for ordinary anemias. We have, thus, the secondary or benign anemias on the one hand; and, on the other, the primary or malignant anemias, such as pernicious anEemia. Correspondingly, we have such benign or secondary aplastic anEemias as that described in the pigs; and malignant or primary aplastic anwmias such as those in benzol poisoning, etc. That aplasia should be so marked a feature in iron deficiency, as compared with other secondary anemias, is probably due to the persisting nature of the cause.
I HAVE already discussed aplastic anmmia in its general bearings elsewhere [II.
It is therefore unnecessary to treat of it at length here. Certain aspects of a more or less benign variety-iron deficiency-will be taken for more particular treatment. The condition has been observed and investigated in pigs. It occurs in the modern pig to a great extent, possibly because this animal has been bred for the development of rapid growth. In essence, it appears to depend on a deficiency of iron in the milk relative to the protein content, considering the excessively developed growth potential of the young animal. For reasons which need not be gone into here, it does not occur if the sows are good milkers, even in the conditions already outlined. Its onset occurs at the date of birth and reaches its climax at the third or fourbh week of life. Seen at this stage the animals are abnormally fat, stocky, pale, affected with diarrhcea and with heaving or pumping breathing, from which the disease derives the name of "thumps" At this stage, profound antemia with haemoglobin index equal to or greater than 1 is present and sudden death is frequent. Post-mortem in such cases shows chiefly enormous dilatation of the heart, effusion into all the serous cavities, cedema of the lungs, and extensive fatty change in the centre of the liver lobules. The blood changes will be discussed later with one of the sequelae. At or before this stage, the disease can be prevented or its symptoms and sequelhe ameliorated, in most cases, by administering some preparation of iron. In a certain number of cases, however, sequelm occur. These are of two types; each may occur separately, though an admixture of the two is usual. In the first form, faulty resorption of the effused fluids causes adhesions between the opposed surfaces of the serous cavities. This produces adherent pericarditis, pleurisy, and peritonitis; the affected animals cease to grow and become hairy undersized "shargars" or wasters. The second pathological syndrome, which may arise, is the basis of this paper. Reference has been made to the anemia and the fatty change in the centre of the liver lobules. In these cases, the latter becomes worse and the fat disappears together with the containing liver cells. Eventually, the liver lobule, enormously enlarged, is represented by a thin marginal zone of liver cells, the centre being entirely filled with replacing blood. This blood is not of the nature of a hemorrhage for it is still within the circulation With these phenomena, the anaemia persists and is accentuated, while other changes occur which will be immediately described.
A fairly complete clinical and pathological examination has been made on at least thirty cases of this type. Though individual cases showed slight variations, these were so unimportant that a composite picture of the disease is not inaccurate. Such pigs, after the initial acute stage, appear to recover somewhat but never become quite normal. They are paler than usual and their appetite is never keen. Nevertheless, they are not undersized and hairy, like those affected with the adhesive phenomena; they grow fairly well with a clean skin, until about the age of four months. Their weight may then be 50-70 lb. as compared with the normal of 100 lb. Then the appetite suddenly fails, the sides fall in, the tips of the ears become deeply cyanosed, indicative of failing circulation, and the animal usually dies in a few days. Percussion indicates fluid in the peritoneal cavity.
At this stage the blood shows a red-cell count of about 3,000,000 per c.mm., as compared with a normal 7,000,000-8,000,000 per c.mm. The haemoglobin registers 30-40 per cent. on the human scale as compared with a normal 80 per cent. The haemoglobin index thus varies from just under to just over 1. A fairly marked leucocytosis is present, rising in some cases to about 50,000 per c.mm. as compared with a normal of 10,000. Blood-films show extensive anisocytosis and some slight poikilocytosis. Macroblasts and normoblasts are numerous. Megaloblasts are not present: polychromasia is marked. The significance of these findings will be discussed later.
A jaundiced condition of the skin, etc., absent for the greater part of the duration of the disease, is common during the last few days of life, when the circulation is failing. In harmony with this, a direct or indirect van den Bergh reaction is absent during the earlier period. Curiously enough, however, the bloodserum, as well as the effusions (which are of a yellow tint), during the jaundiced period give only an indirect reaction with the ordinary van den Bergh reagent. Nevertheless, the jaundice is undoubtedly obstructive, Iron pigment is entirely absent, let alone a haemo-siderotic condition in the organs, such as would occur in a hemolytic jaundice. At the same time, sections of the liver show an accumulation of yellow pigment in the centre of the liver cell columns near the commencement of the bile ducts. This yellow pigment gives a positive reaction with van den Bergh's reagent when tested mAicrochemically, indicating that it is of the nature of bilirubin. Its position indicates that it is being dammed back and points to obstruction.
From this it would seem that the last word has not been said on the clinical significance of the van den Bergh reaction. If, following Davies and Dodds [2] in a *suggestion regarding the importance of H-ion concentraJtion in the reaction, the van den Bergh test be made with serum or effusion fluid of affected pigs, diluted in buffer solution of pH = 7, instead of in distilled water, an immediate direct reaction is given. The same result is obtained, even when distilled water is the diluent, if a less dissociable acid than HCI-acetic acid-in the same percentage strength is used Section of Comparative Medicine 35 in making up the No. 1 solution of the van den Bergh reagent. It seems, therefore -as Davies and Dodds point out--that for the van den Bergh colour change, a certain pH is necessary. That the "indirect" reaction succeeds where the direct fails may be explained on the basis that alcohol lessens the dissociation of the HC1 of the ordinary reagent and so raises or keeps the pH to a level more favourable for the colour chan'ge. Adler and Strauss' [3J finding as to the beneficial effect of Caffeine-sodium-salicylate in hastening the reaction may have a related explanation (hydrolysis and increase of pH). Thannhauser and Andersen's [4] modification with alcohol and ammonium sulphate can also be explained by decreased dissociation. Bilirubin itself, being acidic in character, will also affect the pH. It would seem, therefore, that unless due regard be had to the H-ion concentration, a really obstructive case of jaundice may give an indirect reaction, and the same substance, bilirubin, can give two different reactions-the direct and the indirect. Ordinarily, the direct and the indirect reactions are interpreted as produced by two different substances and as indicative of two different clinical conditions. This deduction, in the circumstances, is untenable unless one clinical condition as its essence supplies the milieu for the direct reaction, while another supplies that for the indirect, the basal substance, bilirubin, remaining the same in both cases. The following evidence is against this.
The experiments recorded here deal with a condition of obstructive jaundice in pigs, where, by suitable H-ion concentration, an initial indirect reaction is changed into an immediate direct. The amount of bilirubin in the serum of the pigs concerned was relatively small and this might account for no immediate direct reaction being observed with ordinary van den Bergh technique. This being kept in view, a sample of serum was obtained from a case of marked obstructive jaundice in a human being. It was deeply yellow and was tested within a few hours of withdrawal. With the ordinary van den Bergh technique (HC1 reagent, distilled water dilution), it gave the merest trace of a pink reaction in one minute; with the indirect-alcohol, or dilution with buffer solution, it gave an instantaneous deep carmine with the 1I1 van den Bergh reagent; with the acetic acid reagent it gave a similar instantaneous reaction whether the dilution was with distilled water, buffer solution, or alcohol. If, therefore, the indirect reaction in colour change intensity is indicative of the amount of bilirubin present, then, in this case, the direct reaction, while giving a faint qualitative indication of its presence, is unreliable as to the amount. It might even be that, if only slightly less bilirubin had been present in the serum, a negative immediate direct reaction would have been recorded.
Here it may be noted that the routine estimation of the amount of bilirubin in serum has to be made by the indirect method. The time taken for the appearance of the colour change, depending largely on the pH, seems to be the chief distinction between the immediate direct and the delayed direct or indirect. There is, however, another time-conditioned phenomenon in the reaction. This is the change of the pink colour to a deep yellow, which appears also to depend on the pH. The indirect estimation, by its sudden arrival at a maximum, cuts out errors due to these two variables.
It seems, therefore, that a not sufficiently stressed factor in the appearance of the van den Bergh direct colour reaction is the amount of bilirubin present. Hence, a large quantity of bilirubin in a serum may make up by mass action for an incorrect pH in regard to the appearance of some degree of colour reaction. No such compensation is possible in the body fluids when the bilirubin is small in amount. For lack of a sample, I have been unable to 'est whether the serum in cases such as pernicious anemia, when suitably buffered or when tested with acetic van den Bergh reagent, will give an immediate direct reaction.
Davies and Dodds [loc. cit.], while pointing out the importance of H-ion concentration and of buffering solutions in the colour reaction, did not apply these findings to explain the difference between the direct and indirect reactions. They supposed that the latter was due to the bilirubin being transformed into biliverdin, a view which one cannot corroborate.
Van den Bergh [5] noted cases where, in terminal heart failure, the blood-serum gave an immediate direct reaction, without ascertainable appropriate lesion in the liver. Such cases seem comparable with those of the jaundiced pigs described here. In the pigs, however, the story is more easily read, for, in addition to the terminal heart failure, visible for a few days before death, we have profound changes in the liver, which would predispose to bile obstruction, demonstrated microscopically. The obstruction, or at least the jaundice, did not appear, however, until the heart began to fail.
We may now return to a consideration of the changes in the blood and bloodforming organs. The blood fin(lings have already been discussed in the general statement. With regard to the marrow, the bones of the limbs, and axial skeleton, excepting the lower end of the tibia (radius and ulna not examined), were filled with deep red marrow, reminding one of the conditions in pernicious anaemia. The shafts of the long bones contained marrow without supporting cancellous tissue. In the tibia there was a clear line of demarcation between the advancing red and white fatty marrow ( fig. 12 ). For the time being we will concentrate on an examination of this junction. Sections of this area showed that it was one of intensive preparation for erythropoiesis. Between the abundant juxtaposed fat cells are the reticular elements Mitotic phenomena in the prenormoblastic and normoblastic cells were absent, the whole production of erythrocytes apparently taking place from the breaking up of the megacaryocytes.
These changes took place inside the blood-vessels (figs. 1, 2, 3, 4, 5, 6), and corroborate views expressed by me elsewhere [6] . From experiments on pigeons and rabbits, Doan, Cunningham and Sabin [7] have come to somewhat similar conclusions regarding the intravascular nature of erythropoiesis, but with a distinct difference. They regard the er,thropoiesis as taking place in already existent but collapsed inter-sinusoidal capillaries. It is difficult to see how this can be, as it premises the existence in pure, fatty marrow which had never functioned before, of a network of capillaries fine enough to surround each individual fat cell. There is no need for such supposition, and the view held here is that, as in the embryo, the primitive mesenchyne or reticular cell, lying dormant for the time being between the fat cells, forms at once the stem cells of the red blood-cells, and their enclosing capillaries, which latter subsequently join up to the existent circulation.
In this advancing edge of the red marrow, as already mentioned, erythropoiesis is the dominant activity. In the already formed red marrow, it still plays a major role, as evidenced by the number of megacaryocytes, fully formed or breaking up into accumulations of prenormoblasts and normoblasts (figs. 12, 13 and 14). In this area, fully formed erythrocytes are rare. Here and there, one finds small accumulations of myeloblasts and myelocytes. It is significant, however, that haemocytoblasts or lymiphoidoc tes are relatively few compared with the condition in pernicious aniemia.
Fau cells, of course, are much reduced in number. I " Prenormoblast " includes premacroblast and prenormoblast.
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In the ribs, appearances corroborate and amplify those already described. One finds, for instance, conditions such as those mentioned for the red marrow of the tibia ( fig. 15 ). Such hyperplastic areas, however, may be continuous with and pass insensibly into other large areas which are apparently ripening areas and where the cells are represented almost entirely by ripe non-nucleated erythrocytes (fig. 16 ).
In their turn, these areas may give place to others, where, apparently, the ripened erythrocytes have passed into the general circulation, leaving the marrow in a denuded, aplastic condition and apparently without the capacity to form new bloodcells ( fig. 17 ).
The appearances in these marrows were found with slight modifications in the marrows of young pigs affected with the acute disease at three weeks of age. In these pigs, however, the medulla of the long hones was filled with pale pink cancellous tissue and aplasia was more in evidence. In both, however, the essential change appears to be a perverted and excessive hyperplasia of erythropoietic tissues, resulting in exhaustion and aplasia. The urge to the hyperplastic changes in both cases is apparently a diminished oxygen-carrying capacity of the blood, due to lack of htemoglobin-forming materials.
In the young pigs at three weeks, the administration of iron, if carried out efficiently in not too severe cases, usually produces entire recession of the pathological phenomena. If these conditions were not fulfilled, cases resulted such as form the basis of this communication. In these, administration of iron produced no beneficial result and, if the conditions were at all severe, the issue was almost always fatal. Elsewhere [81 and before I was aware of Minot and Murphy's [9] beneficial results of feeding liver to pernicious anumia cases, in the discussion of aplastic anaemia, I concluded from the evidence that the functions of liver and bone-marrow in red blood-cell formation are complementary, and that the liver elaborates iron-containing phospho-lipoids which it passes on to the marrow for the construction of red blood-cells.
At the time, it seemed impossible to obtain direct proof of this, but Minot and Murphy's results led one to reconsider the situation. It then appeared that this pig condition provided, already prepared, the inactivation of the major portion of the liver tissue by a simple, bland and almost perfect experimental procedure. Briefly, in this case a non-drastic procedure (lack of iron), no longer operative at the time of observation, has caused the major part of the functioning liver tissue to be replaced by blood still in circulation. It therefore seemed a good opportunity to test the efficacy of administration of liver since iron had failed. The scheme was difficult to carry out; before blood examination, etc., proved an animal to be in a sufficiently advanced stage to put the remedies to as severe a test as possible, the appetite had entirely ceased and the animal was often on the point of death-several animals died before anything could be done. Forced feeding was then resorted to with more success and the relative protocol is as follows: No jaundice shown; blueness at the tips of the ears; the pig was emaciated with sunk flanks, was entirely off its food and had to be forcibly fed. From this time onward it was given by the mouth, twice a day, a pint of warm milk mixed with a half-pound of minced ox liver and a drachm of tincture of digitalis. February 28, 1928; blood was drawn; the serum was clear and colourless, and van den Bergh's reaction negative. March 1, 1928 ; the pig was noted by independent and expert observers to be much better; improvement was visible also on March 2, 1928, and March 3, 1928. March 4, 1928; the pig was worse again. March 5, 1928; the blood was examined; habmoglobin was now 80 per cent. or normal; red blood-cells 7,500,000 per c.mm. or normal; white blood-cells 41,500 per c.mm.; blood films showed very marked reduction of the anisocytosis and polychromasia.
March 6, 1928; the pig was found dead. Death was probably due to aspirational pneumonia (found post mortem) caused by the forced feeding. There was no jaundice, and no effusions into serous cavities. The liver was much the least affected of any in the series of cases, although it bore traces of the disease. The bone-marrow conformed to the appearances in the other cases. Though it was difficult to be sure, there seemed to be evidences microscopically of an attempt to return to normality in that fat cells and ripe erythocytes appeared to be more abundant.
Points to be noted in this case are the marked initial improvement clinically, and the very decided improvement in the condition of the blood. An assessment of the changes in the liver is, however, difflcult. It was impossible, of course, to know its condition at the commencement of the treatment; again, this pig was older than the usual subject, thus affording a longer opportunity for spontaneous betterment. It seems unlikely that the nature of the lesion would allow of any marked improvement in the liver in a week's feeding on liver.
We may now compare this condition with pernicious anamnia of human beings. As resemblances we have, in the early cases, the adip!osity of the body, and the fattv change in the centre of the lobules of the liver. Several pig cases sbowed an entire lack of acidity of the stomach contents, while in both conditions there is a tendency to dropsy and accumulation of fluid in the serous cavities.
Superficially, the blood conditions appeared similar, with anisocytosis and poikilocytosis, especially in pig cases with hemoglobin index greater than 1. In the pig condition, however, the large erythrocytes are macrocytes, not megalocytes, while the large erythroblasts are macroblasts, not megaloblasts. Again, polychromasia is a marked feature in the pigs, it being quite otherwise in pernicious anaemia. All these changes in the pigs' blood indicate a vitally active and not a decadent marrow, though, for the time being, its functioning is aberrant.
The leucocytosis in the pigs' blood, again, differentiates it from that of pernicious anaemia, as does also the absence of ha3mosiderosis.
Redness of the whole marrow in the pigs supplied again a superficial resemblance to the condition in pernicious anaemia. Microscopic examination sbowed, however, marked differences. In the pig marrow the predominant feature is the increase in the number of megacaryocytes and their splitting up to form macroblasts, normoblasts and erythroblasts. These in their turn form the corresponding erythrocytes. In pernicious ana-mia, however, as has been discussed elsewhere 10], the characteristic is the paucity of megacaryocytes, the abundance of lymphoidocytes or hemocytoblasts and the fewness of the cells of the type of erythroblasts (Ellermann [ll, Helly [12]). Peabody [13] describes similar conditions if one allows for the fact that his " megaloblasts" should be termed, according to the usual nomenclature, h$mocytoblasts or lymphoidocytes.
In the pig disease, the condition of the blood and marrow seems without doubt to be referable directly to hepatic insufficiency. The pathogenesis of pernicious anemia has been discussed elsewhere [14] . The finditngs in the present instance tend to support the views expressed there. Considering the incomparably greater
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damage to the liver in the pig, the comparable amelioration on liver feeding ,in both conditions, and the essentially different histological appearances in the two marrows, it seems that, in pernicious anwemia, the assumption of some basic organic change in the marrow in ad(lition to possible liver changes is justifiable. The appearances in the pigs' marrow may be assumed to be those due to simple gross liver damage which excludes it from functioning. There is something more than this in pernicious analmia. In it, there is a return along the basal stem cell lineage to the condition of the marrow and blood in the embryo. To cause this there must be something organically wrong with the marrow which contributes to the essential malignancy and perniciousness of the condition. The possible causes and consequences of this condition of affairs have been discussed elsewhere [14] and need not be entered into here. However, malignant aplastic anaemias, such as occur in T.N.T. and benzol poisoning, etc., and which are of quite a different order from the benign aplastic aniemia of the pigs, supply a possible clue. Here, a specific poison has fulminantly damaged the marrow beyond the possibility of reactional hyperplasia, a condition of profound aplasia being at once established. In pernicious anaemia the damaging agent seems to be not so forcible and destructive, and to allow of a period of hyperplasia, albeit advanced and depraved, before final aplasia sets in. Peabody (loc. cit.) has suggested that the feeding of liver in pernicious anwmia cases acts by a process of maturation or ripening of the forerunners of the red bloodcells. While this may be part of its action in iron deficiency and in pernicious anw,mia, it cannot be its whole activity in this last disease, for in it the betterment consists in a change from the embryonic to adult blood formation. Such a transformation, from the primitive to the definitive blood type, in the embryo is associated with the onset of hepatic erythrogenesis. Both occurrences, therefore, seem to point to the existence of some deep-seated biological relationship, other than ripening, between the two tissues. Incidentally, no proof exists that megaloblasts (in the ordinary sense) mature into normoblasts and normocytes, their terminal stage being the megalocyte.
I wish to express my great indebtedness to Miss A. E. Glennie, B.Sc., for the coloured drawing of the marrow conditions; and to Dr. Lyall, Aberdeen Royal Infirmary, for a supply of obstructive jaundice serum.
I have to record my gratitude to the Carnegie Trustees for the Universities of Scotland, who have assisted me with a grant in aid of the coloured illustration. 
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Di88t8asion.-Dr. H. P. BAYON: The paper, slides and specimens clearly demonstrate that this peculiar anmemia in pigs is accompanied by an active proliferation of' the red bone-marrow, followed by lesions in the liver. The aplasia of the marrow appears to develop late in the course of the disease, being a terminal symptom or condition.
The morbid alterations of the spleen are not unimportant, for they may shed light on one of the functions of this organ. Many years ago, von Koelliker said that the spleen was a graveyard for erythrocytes. In the course of observations on various animals suffering with different types of anemia, I have come to the conclusion that the spleen destroys only immature or altered erythrocytes.
I would suggest that this disease in pigs belongs to a group of anmemias, of which the principal feature is a primary hyperplastic condition of the marrow followed by aplasia.
Dr. A. PINEY: The term " aplastic anemia " should be confined to conditions in which anemia develops because the bone-marrow has become aplastic. An anemia associated with hyperplastic marrow and evidences of regeneration in the peripheral blood should not be called aplastic antemia even if, in the later stages, the marrow becomes atrophic. An origin of erythrocytes from inegakaryocytes is difficult to accept, in view of the fact that the number of megakaryocytes can be enormously decreased by careful administration of benzol without, at the same time, causing aniemia. Further, it is difficult to account for the disappearance of the characteristic azurophilic granules from the megakaryocytes during their conversion into red corpuscles.
Dr. KNYVETT GORDON: I agree that it is difficult to see why this disease should have been described as " aplastic " anemia as it is only in the terminal stage that aplasia supervenes.
In the human subject, aplastic anaemia is associated with a definite blood picture so well described by Piney in his " Recent Advances in Hvematology." The condition is characterized by a great reduction in red cells, white cells and platelets, together with absence of anisocytosis, polychromasia and nucleated red cells, the differential count showing only a relative predominance of lymphocytes. This does not resemble the blood picture of Dr. McGowan's pigs. Both from the clinical and from the pathological point of view I emphasize that the disease in the human subject has no relation to pernicious ansmia. Aplasia of the hEemopoietic system is a late condition due to exhaustion of the bone-marrow from a variety of cuses of which, in my experience, septic infection is the most common. An example can, however, be seen in the terminal stages of myeloid or lymphatic leukeemia when either has been treated by excessive doses of X-rays or benzol. I have met many instances of this, and it is a warning against the use of X-rays uncontrolled by frequent blood examination. It is a great mistake to attempt to reduce the blood-count by these methods, for the majority of sufferers from leukeemia are most comfortable when the count is fairly high.
Apart from leukeemia, aplastic anemia is usually curable by detection and removal of the cause, vaccine therapy being of great utility in the septic cases, combined with complete rest, a generous diet and a supply of the essential vitamins, especially vitamin D. I have found neither iron nor arsenic of use when the cause has not been dealt with.
Dr. F. PARKES WEBER said he would not touch on the questions on which Dr. Piney and Dr. Knyvett Gordon had already spoken. The excellent microscopic sections shown by Dr.
McGowan from the livers of the diseased pigs (in a late stage of the disease) suggested to him (Dr. Weber) an advanced stage of centro-acinous atrophy, similar in nature to the microscopical change not very rarely met with at post-mortem examinations in various toxic and septic cases in human beings. A somewhat similar change constituted the " nutmeg liver," found at the necropsy on cardiac cases with passive venous congestion, especially when death was long delayed, and when there was a terminal infection of some kind. The positive van den Bergh reaction for bilirubin in the blood-serum would be at least partly of the indirect type.
He would suggest experimental splenectomy in the diseased pigs at a relatively early stage of the disease, and also the trial of one of the iron-free and protein-free liver-extracts that had been used with such wonderful success in human cases of pernicious anemia. He thought that the therapeutic results (if any) obtained by these experiments might help to throw further light on the nature and Eetiology of the disease in pigs under discussion. In 44 McGowan: Further Contribution to the Subject ofAplasticAnawmia human beings splenectomy was often clinically curative in cases of congenital or familial heemolytic (acholuric) jaundice. In the latter disease removal of the spleen removed the anemia by preventing undue heemolysis of the specifically defective, i.e., "fragile " erythrocytes. It now seemed that in pernicious (Addisonian) anaemia the excessive hmemolysis was also chiefly of the cells badly turned out by the bone-marrow, the curative action of the iron-free and protein-free extract of liver being due to a stimulation of the bonemarrow, causing it to produce less defective and numerically more erythrocytes, which were not so easily hsemolysed in the spleen and elsewhere.
Dr. GEORGE SCOTT WILLIAMSON: Any attempt to approach the problem. of pernicious aniemia through direct experiment is to be welcomed, and I cannot see the import of the criticisms of Dr. Gordon and Dr. Piney.
Dr. McGowan seems to have succeeded in inducing a definite progressive aplasia of the erythroblastic tissue in the marrow. This is accompanied by evident reactionary hyperplasis which is focal and not general and to be looked upon as the limit of compensation possible at this stage in his animals. The compensating effort in the liver is apparently very striking and peculiar, but it is the persistent iron deficiency that links the marrow and the liver in some complementary cycle. In these experiments the iron deficiency is absolute and direct, in pernicious anemia it is a secondary deficiency not absolute but relative, since there is a store of iron in the tissues of many organs. It is significant that liver feeding seems to answer as a therapeutic agent both in the experimental aplastic form and in the pernicious form.
Dr. McGowan's study of the van den Bergh reaction will have a direct bearing on the clinical use of this test.
Dr. MAcGOWAN (in reply) said: The function of the bone-marrow is to produce nornmal circulating blood. Any trite hyperplasia of it should accomplish this within very slight limits. In spite, however, of the great increase in quantity of active marrow (of a type) in the present cases, the circulating blood is entirely and markedly abnormal, in both the quality and the quantity of its cellular elements; in spite of the " hyperplasia," blood is not being formed. It would seem, therefore, that there is every justification for designating the condition an aplastic ansemia. In the marrow itself again, the aberrant hyperplasia in time gives place, without fail, to an aplasia. It is no argument against naming the present condition an aplastic anemia to urge that true aplastic anEemia has no hyperplastic stage of the marrow. In such cases the damaging agent has been so intense that the marrow is killed outright, and any reactive hyperplasia has been suppressed. Ordinary pernicious anemia, aplastic pernicious aniemia, and ordinary aplastic anemia, illustrate the stages suggested as occurring in the marrow.
The part played by the spleen in this disease is not important. In some cases-suckling pigs with the disease-a certain amount of phagocytosis of red blood-cells was observable in cells of the splenic pulp. The circulating red blood-cells in such cases, however, are abnormal, and elsewhere I have suggested that, in pernicious annemia, this abnormality of the red blood-cells leads to their hbmolysis (and consequent hbemosiderosis), and not the htemolysis that produces the conditions that give rise to the aberrant cells of the blood. Any hEemolysis in the pig condition, however, is slight, because there is an entire absence of hbemosiderosis in the organs. Apart from this the disease has a definite concrete pathogenesis of another kind.
With regard to Dr. Piney's objections to the megacaryocyte producing erythrocytes, the illustrations which accompany the paper speak for themselves.
Dr. Knyvett Gordon thinks that, in the human subject, aplastic anemia has no relation to pernicious anEemia. Apart from the fact that an aplastic type of pernicious an8emia is well known to exist, many authors have drawn attention to the close resemblance between toxic aplastic aniemia and pernicious ane~mia, both clinically and pathologically.
The changes in the matrow, blood and liver are indissociable items in a single pathological syndrome, thus differing from the centro-acinous atrophy of the liver mentioned by Dr.
Parkes Weber. As the disease has not hamolysis as its Eetiological basis, but the absence of iron in the food, it would seemi that there is not the same call for splenectomy, as a curative measure, as in congenital acholuric jaundice in human beings.
